~ (3). Results .of system analysis and economic calculation -

E 1)

Barka 5,5, (275/132kV).

fsideratio ‘of the _uiéé'af*éhé's&gtemfénéi§sis-Eégferféo'dﬁapféf_

$'g5;i13) and optimal standard capacities. gfégef,tq 12,2i1f(7)) - },L_'”

'ft )

‘5

:thuwair:s,s;;(275/132kv).

-Three 250 MVA transformers will be 1nstalled in 1988 in due con-

sideration of the results of: the system analysis and - optimal

_-standard capacities.

Khuhhir?s.s,'(lazlsskv) 3

*Since 125 HVA Transformer is most advantageoue according to eco—

';nomlc calculation, 125 MVA.transformer was selected.  Two units of

_"transformers will be installed in 1988.7

.khaﬁburahﬁszsﬁ?flazfﬁikV)ti'f'f?*

,,VAccording to the results of economic calculation, SOMVA is most

.,;economical for the Khabourah s S.F However, since ‘there 1g almost

'no cost difference between 30MVA and 45MVA ASMVA is adopted 1n1-

jconsideration of the series equipment (CB end LS), extention pian

-*and maintenance. -

Two dnits'Qf:tranefofmere'will'beiinstalled in 1988.

12.2 . GONCEPTUAL DESIGN OF SUBSTATION APPARATUS

1202:\1 ..

fShbsfafibn.desigg.‘.'

(1) Design standards

chneidéiing?ibﬁnéfmeﬁizefendjcoordinetéfnith thetekistingﬁequipnent in the

'~ capital and Batinah coast acees,'fclioWing'bééic'p;incipiee are

.33F35113h9d°- o

1) Must be able to meet the future demand increase.
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L 2) Muet minimize the voltage fluctuation and increase the eupply
'_ reliability. ' '

The design conditione shown in 11 2.1 were adopted for the design stanm"

dards,'conforming to the current standards adopted by MEW. ;; e y

The standards and regulations for the conceptual design of this project
were selected in the following standards and criteria. _ ' T
TEC: - 'Intetnetional ElectrOtechnical Commiseionl.,A_,“ :ml
JEC:  Standard of the Japanése Electrotechnical Committee
JEAG: Japan EleetriclAesociation Code "
- JCS:' .ananeee Cable - maker's Association standard
(2) "Incteaee'of enpply:reliabilityﬁgp e
A substation Service interruption in many cases greatly affects the con-
Bumer ' benefit directly. The causes for power interruption can :be attri—i
butable roughly to the maintenance work and equipment fallure. All e
substation. apparatue must be de31gned to minimize pOWer interruption.- The .
'following reviews and . countermeasures should be made in order to increase “
the reliability of Substation'~:""' SRS
1) A computer analysis is fully utilized for selection of substation e
sites and deszgning of substetion equipment..g ' '
2) A reView'Of-insnletion cbordinetion as:measuresitor_lightning_pro—
tection, thereby designing an economieal and highly teliable.
. system. IR RS TR e
3) Selectlon of the optimum bus—bar system for'evoiaenceﬁoproesitlef
failures. ' : - :

4) If a failure occurs to a 275kV line, a high speed reclosing method
'should be taken to inerease the supply reliabilityiz -

3 :Coneidering sandstorms, sand dust and high temperature, all eqnip-
 ment of 275 kv and 132 kv should be of indoor type exeept intake

equipment and traneformer.

12 - 22



6) O the drainage of each substation, land reformatiocn is projected

‘ in consideration of floods that occur at the time of heavy rains.

Sl _' o S IR ' R
(3) Insulation coordination

15 In order to protect equipment from abnormal voltage of lightning
- ,surge and power frequency, coordination of equipment insuletion

. ﬁlevel will be adopted as follows._

.ésuzFor internal abn mal voltage (SWitChing surge and PerSiStent

_abnormal voitage hetc.),.the insulation level of equipment

;cf itself will cope with said abnormal voltageo :

b)uiFor external abnormal voltage (lightning surge), the equipment

'i-w111 be protected by - an arrester. -

2) The type end quantity of the insulator strings have been deter—-
- mined on the condition that no’ flashover is to take place due to

"fyan-internal abnormal voltage-g

' (4) Determination of_a_Basic 1mpulse insulation 1eve1 (BIL)

"As described in preceding clause (3) 1) b) since the equipment is protected
&from a lightning surge by an arrester, the BIL will be . selected in order
_that it w111 w1thstand the switching surge’ and that it can be. coordinated
- w1th the protection function of the arrester from a lighting surge._'In '
fother words, An order to maintain the protection tolerance of - the: arrester
and: equipment against 1ightening Surge to be 20%, the’ BIL must be more: than
N 1.2 times as much as the 100% sparkover ‘voltage of . ‘the arrester.- The spe-
cifications of arresters for the 132 and - 275kV circuits are as follows if
-the same specifications as those of the existing equipment and JEC stan—

'dards are applied. _'i
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Nominal Voltage  aw | 132 : Cars
Ratgd Voltage of Lightﬁin?-%rréstet. (kV). 126 {.j266
: ﬁémiﬁal Diééﬁétge Current "..'..' I(EAj | 510:1 | .3 10
' 100% épatkover Voltage §)) '. o _(kV>:. 383 :_.'898_
ﬁesidual Voitége o | 5 (kﬁ) _ _403 | _.: 851
gzsi;ed Basic I@pulse Insulation - (kV). . .550 1. thSO
Marg%%)gi1§??§§:tigg %§§81 - e S 20 .

During the survey at this time, it was unable to oﬁtaiﬁ exact statistical
data of IKL (Isokeraunic Level -~ number of anmual thunderstorm days), but
the reviews were made assuming an IKL value of abOut 20 based on the figure
10 - 27 times during 4 years operation count of the arrester installed at

the 132kV line of Al Falaj 5.S.
(5) Design for salt contamlination

The insulators will be selected accordiﬁg to the design values specifiedain
M.E.W. Standard “Insulator Leakage Clearance.for Existing-Facilitieé:- 45
mm/kV {line Voltage)". '

“The insulators to be selected will have withstandlng capability that _
correspond to the insulator leakage clearance for existing equipment. They
will be aerodynamic type insulators, as described in paragraph 11. 2 4..
Buéhings will be selected in accordance with the same criteria. This

result are as follows.
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: - S Surface Lé#ﬁage
Nominal specification of ‘leakage | distance
voltfage ~ the insulator- distance | per kV

: R _ {mm). . (mm/kV)
132 ‘Aerodynamic type 330 mng x 21 | 6,195 47
975 L W 380 mmé x 37 | 12,580 46

(6) Determination of bus—bar Sysfem

The bus-bar sysﬁem was'détérmined as shown in Table 12.6 based on the
number of lines, rated current capacity and operation problems referring to.
the bus—bar system currently used by MEW and a bus-bar system of substa- -

tions on Japanesa trunk 11nes.

:The reasons’ for adopting the ACB system for the ‘Barka P. 8. “and Khuwair $.S.
‘are easy system separation or coordinated operation with other systems,

easy applicability of irregular operation during the installation work,
(7) Main tranéfdimer, Circult breaker and Power capacitor

Since the neutral points of both 275 and 132 kv clrcults are directly
gﬁounded,-én,adto'transformef was adopted as a tie to connect 60 MW cir-
cuits. It has an economical advantége to be B0%Z of the price of 2-winding

transformer.

Each transformer is provided with an on~1oad—£ap—changer with a tap range

of +5 ~ ~15% as is the'base of eiisting transformers.

As for. the standafdized size of transformer for 275/132 kV, 250‘MVA 1s
‘selected in consideration of the scale of Barka P.S5., and possible demand

growth,

The 31.5 RA féting is selected for-? cireutt breaker of 275 kV and 132 kV
in due consideratidn of the results of the short- circuit current of the
ﬁower system. However, this value should be reviewed at the stage of

detailed design to meet with future system expansion.
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' .Table 12.6 Bus

system of major P.S. and S.8. ..

Power station, Substation

beltﬁge

... Bus System® |

( ;:ﬁeﬁaik3€= 1

Cbeing
planned’

| AL rarag s.s.

R0

| WADL ADAT 8.8,

1)

‘Main and inspec—

tion bus  (1CB) ; Lf,f ' -

| GHuBRAN B:isi - |
Exlgting |- - L

pbvble_f bus(ICB)

RUSAIL P5S. .

- | Matn and inepees |
tion bus = (3CB) |

.| SEEB PALACE $.5.

BARKA S»S;

3_‘Dopble;buslﬁlﬂﬁj

NEWiy o
installed

BARKA P.S.

375

SRLIERT 7:-(403);

‘large ‘number

1 of 1ines.

.| Easy irregular

.| operation : -
clrdurdng the r s

i {installation . {. .

BARKA S,8.° "

v cs).

| XHUWAIR 5.8,

s ey |

132

_é. I (465)

'Advantageous

to apply to
system =

| 1inkage

'KHABOURAH 5.S. .-

.. if..'i,:-(1cB).._ s
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Also, based on a oomputer analysis, installation of 2 x 20 MVA capaeitore

are determined at Khnwair §.8. for voltage regulation.

i

'Cg)f'?lrejﬁibééctidn.—* o

For fixe prote tion of large capacity transformers, the following facili—'

Eblast proof.
e 'II»IV_ai:t'i‘_r:ep;‘ey-_fi,re"ej_:t;-i.Vng\ii_s_r‘ners-;_;‘f_‘c‘y'if__-_fji._r_e_.-j-E::ll.gr.,h.t':l:og:’f

., 0il dam for preventioh of oil butflew

(9) fﬁonlporiog"system'end.eﬁpoly opéiatidﬁ_gxzf_

-For a monitori‘g system for Khuwair, Barka, and Khabourah S.S., a remote.
l'monitoring system will. be adopted in accordance with the existlng one,rand

“these substations will’ be constantly monitored from Medinat Qaboos ‘8. S

Thefefore,rtﬁe?eogineers will'be sent:froﬁ'ﬁime to time=to theSe*Subétaf

: tiQHﬁ:from.the weiting etation fo:.meintenaﬂce ahd ope;ation.

'It should be noted that when Barka P, S., Copper mine P S. and Sohar P.5.
."start commercial operation, five large—capacity thermal power plants will:
be. operated under a single electrical power. syetem. To operate the systemr'
ieconomicelly, and to deal with interruption adequately, an automatic 1oad

dispatching control system shall be introduced-

‘MEW intends to eetabllsh the eaid cantrol center ia Medinat Qaboos S S. To _
the c0ntr01 center, the following data and information w111 ‘be eent from |

each power station and substation by means of a power line carrier.
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Data and-infbrmatipn for a load diépa¢hing center’

_Obseriqtion BE

{on/off __Qi;cuit:Breakei pfszzsﬂky?ni32 ky.. | ??Sf_aqdls’Sfi
Indlcation . _ Disconnecting'Switch of 275 kv;”132;ng_:?;S; hﬁq 5.84
‘ ‘ G;oss output powér'ﬁf'Pés, P s. f_ 
Heters Effective and reactive pbﬁer.on : o Receiving
and 275, 132 KV lines | | end of ‘the
Recorders . Line

‘Load on transformer of 275/132 kv, &g
132/33 kv - f;‘_
: . o ';ImPOrtant
System_F:equengy P.S./S.8.
’ ' Lo Important .
. System Voltage p.5./5.8, |
_ -Load of 33 kV side '-P.S,;and}S.S§:
Alarm/ - . i o L ‘_'. -
Indicator Protection Relay No-man ' §,8...

(10) Protection device

A protection system should be selected putting emphaais on the minimization

of a shuthdown area, coordination with main power systems and reliability.s_

Besides,’ thia protection Bystem should be compatible with the present con~
ditions of MFW networks., - :

Furthermore, care must be paid so that there is no section left unpro-

tected.

The outline of protection equipment for transmission is as shown below.

This transmission system is a dlrectly grounded ueutral system.

Protections will be composed of the following four (4) funct10n8‘=,u,

o Main short—eircuit iiiiz;::::;-Power line carrier relaying Syétem

o Main ground relay

’(Directioual distance relaying system)

o Back up short-circuit fiifz;;p-Directional distance relay + Over

o Back up ground relay

current relay system

The fault sequence applied to the transmission line is as follows:
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1) -Action of the Main Relay.

36 - o S cB - : )
Ava CB Trip ‘Reclose (275 kV only)
I Ei' — rkiv.m-No—voltage Time—u—ﬂ _ _ '
0 . 0.1 sec .. oo 0 45 sec.

~———> Time - -
Z)Vpdcﬁiop df'tﬁe*BaCEkup Relay

'Feelt'-'

346G . o
X7 L - . CB Trip
e

' ___.__> Tj'_m'e

' 12.2.2 Eqdipment.of:eech eupstation

(1) Figures 12 7 through 12 14 show the skeleLon diagram ‘and equipment

1ay0ut of each eubstatien._' -

(2) Ihddeeigning“euhetatione the foilewing'points'wete'especially examined

_ffom;the Vieﬁpein; efiepe;etipn end'maintenancea :

'el)LtThe arrangement of equipment ‘will ‘be made in the same manner as
 the existing facilities and standardized in order to realize quick3 '

: and exaet operation of. the equipment,

2) The GIS system will be applied to the indoor equipment for 275kV
_and 132kV and the cubicle system by VCB or GCB will be applied to
the indoor equipment for 33kV.E o

3) .A cable duct system will be used for the outdoor installation of
~ power cables in view of reliability.

12.3 CONCEPTUAL DESIGN OF TELECOMMUNICATIONS EQUIPMENT

_12.3.1 Design conditions

The foilowing were set as the basic conditions for cenceptual design of the

telecemmunicatione equipment:
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(1) A power line cartier system is adopted as the"teleomﬁnnfcation’system
in consideration of thé amount of Anformation. necessary for this pro-

'ject.';

(2) Telephone sets for 1oad dispatching will be installed between power

stationa and substations related to: this project._-‘

- (3)  The telecommunications equipment which will be counted in this Project .
are only those to be installed for the transmission line sections of

'this Project.

(4) -All information and data about the operating status of each of theri”'
-propoaed power station and substation will be collected and displayed
:at Medinat Qaboos S S. A mew data transmission system will be

installed for this purpose. '

(5) Teleprotection equipment will be installed on. a11 transmission linea
of 132kV or - higher voltage as related to this Project.

.12.3.2, Concqytuél design

Based on the'COnditions:outlineorin tbe.preceding éiagses;fa.cohgéptaa;_,

design of_teleconmnnication;eguipment_fot tbis_project”isfmade_aerfolloWS.
(1)”'?owet'1ine-cartier équipment: B

Two circuits of the power line carrier equipment (with 23 KHz band) of

2- channel type will be installed between power stationa and substatIOns.
The connecting form will be an 1nterw1ine metallic system, meeting ~wlth the
existing systems. The carrier frequency must be determined upon examining

the existing one at_the”stage of detalled design.
(2) Power line carrier relayingveqaipoent

Signal transmission equipment for protection of the transmission 1ine will_
be installed between all power stations ‘and substationa related to thia

Project.
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(3) Signal transmission equipment

- To diSplay'theIinfotnation on P.S. -and " S. S.'planned:in this;Project'at*tﬁen
Hedinat Qaboos SuSay signal circuits will be- installed between ‘them.. - The ‘-
' signal transmission system will be installed under other projects. S '
_(4) -Telephone sYStem

A telephone network for 1oad dispatching is to be installed covering all

_related power stations and substations.
(5) Power:supply equipment.' .

-The power supply equipment for the telecommunication equipment needed by -
this project 1is to be a DC power system consisting of a floating charging
device and batteries. '

" Fig. 12.15 and Fig. 12.16 shows the outline of these telecommunication

“equipment.,

-12.4 CONCEPTUAL DESIGH'OF'BuILDING AND FACILITIES

- The following switching facilities and administration buildings are planned
for the proposed substations and switching stations.' The switching stan
tions and relay rooms for 275kV 132kV, and 33kV will be provided with

underground facilities_to accommodate the cables.
(l) Barka P.S.

275kV Switchgear

Reinforced concrete construction, 1 story, basement room, 1 building,

2, 660 m2
(2) Barka S.S.

- 275kV Switchgear -

Reinforced concrete construction, 1 story, basement room, 1 building,

1 400 m
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(3). Khuwéir_s;s;

132kv 33kv Switchgear

'Reinforced concrete construction, 1 story, basement room. 1 building, o

‘I 540 m®

(275kV Switchgear, Relau room, Office _ IR _
: Reinfoxced concrete construction, 1 story, 1n part basement room, K R

-1 building, 2, 310 m?
(4) -Khabourah S.S.

132kV, 33kV Switchgear, Relay room, Office _:'

Reinforced concrete construction, 1 story, in’ part basement room, f iﬁ£"¢'

1 building, 2, 350 m2
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Fig 12°7 BARKA SUBSTATION SINGLE LINE DIAGRAM =~
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CHAPTER 13  POWER SYSTEM ANALYSIS

13.1  OUTLINE OF POWER SYSTEM

The power system of Oman consists of 132 kv transmission lines and 33 kV

' subtransmission lines. The power is consumed mostly in the capital area
and major power stations are located in this area. ‘As the power demand -
increased the power system has been expanded, and at present a plan is
made to interconnect the Batinah coast where small_isolated power systems
scatter and the capital area by 132 kv transmiséiOn lines. By 1989 at
which the interconnection lines will be completed the 132 kV transmission
lines will have been expanded to 500 km or longer, confignrating an unified

power system..

13,2 TRANSMISSION PLAN OF BARKA P.S.

13.2.1  Substation plan

(1) Barka P.S.

275 kV transmiesion lines are to be introduced at the first time to
connect the Barka P.S. and eniéting power system. Therefore, trans-
forimers (275/132 kV)} are newly installed in Barka $.S5. which is
planned under the Project. '

(2) Khuwair §.8.

The Khuwair S.S. (275/132/33 kV) 1is newly constructed in the capital
area to connect Barka 5.8, with the load center by 275 kV lines.

'13;2.2 Trangmission line plan

(1) Barka P.S. - Barka 8.S.

Two lines of 275 kV are newly constructed between Barka P.S. and Barka S.S.
(13km). '
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(2) Barka 5.S5. - Khuwair'S;S;":

Two lines of 275 kV are newly constructed between Barke S 5. and Khuwair .
S.S. (47km). ' '

Asg a result of newly constructing the said substations and transmission
lines, the transmission system in the capital area will be configurated by
a loop system consisting of new 275 KV 1ines and existing 132 kV 1ines. |

13.3 POWER SYSTEM ANALYSIS

The. power system analysis have been performed in order to examine the
characteristics of the power system associated with newly added lines and

power station., The objective themes for the analysis are as follows.

-~ Power flow and voltage stndy assoclated with the expansion'of the
power system _~ ' .

- Selection of transmission voltage for Barka P.S.

- Determination of tie—-transformer cspacity

— Power system stability study

- Short-circuit study

~ 8ite selection for new power station after construction of Barka P.S.

13.3.1 Premiss for calculation

Premliss for the power system analysls are set as follows,
{1) oObjective years and items of calculation -

Table 13.1 gives the expansion program of power stations and transmission

lines and the system calculation items necessary for the expansion.
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Table 13,1  Egpansion program and calculation iltems

Transmission lines and

Calculation

Yegr : .,Powey Stéyions“ .. Substations _ items
_ (MW x Unlt) ; . :
1988 | Barka 80 x 2 Barka P.S. ~ Barka 8.8. "Power flow
‘ (275 kV 2 Lines)
Barka S.85. _
(275 kV/132 kV)
1989 ‘Barka . 80 x 2 ‘Barka S.8, - Khuwair 8.5. Power flow
' . (275 kV 2 Lines) -
Khuwalr S.S. ‘
{275 kV/132 xV/33 kV)
Khabourah §.S5. — Schar S5.S.
(132 kv 2 Lines)_
1990 | Barka 80 x 2 -
' ' 60 x 2.
1991 | Barka 80 x 1 - Power flow,
60 x 1 Stability
1992 Khabourah* 80 x 2 -
1993 -
1994 Khabourah* 80 x 2 -
1995' -Khabourah* 80 x 2 - Poﬁef flow,
: ' Stability,
Shqrt—circuit
current

* Supposed sites of new power station after Barka P.S.

{2) Power flow and voltage calculation

- The calculations of the power flow and voltage are carried out by setting

the operation conditions of power system as follows.

_Sysfeﬁ vbltagé to maintain

Operating voltage of generator

Operating power factor of generator

Tap ratio of transformer
Power factor of feeder load

Load time

13 - 3

95 - 105%
100 + 5%
Above 0.80
1.00 + 0.075
0.85

Peak hours




In order to wailntain the system voltage within the range mentione& above,
static condensers are to be applied to the appropriate substations.

Based on the'pOWer flow study,'oVerlpading of'each'transmission line ié‘,
examined according to the rated current carrying capacity of the line as

given in Table 11.1.
{3) Voltage selection of gransmission line

The three alternatives of 220 kV, 275 kv and 330 XV as next higher‘voltage
of existing 132 kV are chosen for the object of comparison studies to
select the optimum voltage for the transmission line connecting Barka P.S.

~ Barka 5.8, - Khuwair S.S.
(4) Determination of tie-transformer capacity

As a result of an introduction of 275 kV to the system, the study on the
capeity of tie-transformer to connect the existing 132 kV network and the

275 kV network is carried out.
(5) System stability calculation
1) Fault sequence

Power system stability calculation is performed on the power transfer
of Barka P.S. ' o
As a disturbance on the power system, three-phase ground fault (34G)
1s applied to the 275 kV line of the Barka P.S. - Barka $.§. - Khuwair
5.8. and the pefturbations of all generators after a system distur-
bance 1s examined. . ' |

The fault resistance is taken as zero and the high-speed reclosing of
the faulty line is not assumed to give a severe impact on the network
in this calculation, The fault sequence applied to the line is shown
in th following illustration.

For the fault clearing time, 0.10 seconds were used provided that ‘the
.protective relay operates normally. However, 0.15 sec. and 0.30 sec.
were also used for dne case of calculatidn'fespectively assuming the

teleprotection faillures,

13 -~ 4



- (Fault) (Clear)
C.B. on 34G C.B.off

|

GRS 0.10 = 0.30 sec.

—————> Time
2) Voltage Characteristics of Load

The voitage-éharacteristics of load differ depending on the type of
load. The calculation used the constant-impedance charactéristic'to
simuiafe the lamp load and also the comstant —current characteristics
to simﬁlaté_the motor load sinéeithe MEW system has a large percentage

of the induction motor load.
The following shows the formulas made to express such characteristics,

(a) Constant-impedance characteristics
Po (V/Vo)?
Qo (V/Vo)2

Active power - P

i

Reactive power Q

{b) Constant—-current characteristics
Active power P = Po (V/Vo)l
Reactive power Q = Qo (V/Vo)?

{6)  Short-circuit curreant calculation

The_shortfcitcuit current was calculated in the state that all generators
of the system are 1in parallel operation. The generators and their

constants used for the calculation are as follows.
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1) Generator constant

Power Total rated capacity Transient Reactance
station . of generators (MVA) . Xd' (%)
Barka 1,155+ ' 20,0
Rusail L 688 | 19.8
Ghubra{33kV) 96 16.5

© Ghubra(132kV) 258 - 1645

- Copper Mine 210 16.5
Khabourah . 90 2000
Sohar o 75 . 16.5

(* 140x5, 115x2, 75x3)

2) Impedance voltage of tranaformer

* Voltage ratisc (kV) - © Impedance Voltage (%)
(Planned to be installed)
275/132 (Step down) 12,0
275/14 (Gen. step up) 12.0
132/33  (Step down) ~10.0

(Existing ttanéformers)

Data supplied by MEW are used.
7) Location for a ﬁew powar statiom

The location for a new power station after completely developing the Barka
P.S. is studied. This study is made to find more advantageous 1ocation_for
the power development based on the powér flow on the primary transmission

lines, bus voltage of the sjstem'and load distribution.
(8) Demand of substation and impedance map

The peak demand of eaéh substation and the impedance map wsed for the study

are given in Table 13.2 and in Fig 13.1, respectively.
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Table 13.2 Demand of Substations

(M)

Year ' o S _' o .'

Sub- 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995

Stations | | 7 :

81 Falaj 84| o4 | 05| 114 | 122 | 128 | 18 | 143
Wadi Khabir | 84 | 94 | :105-] 114 | 122 | 129 | 136 | 143
Wadi Adai | 83 | 04'| 104 | 114 | 121 | 120 | 135 | 143
Qaboos 76 | 8 | 95 | 110.] 120 | 131 | 136 | 141
Khuwair 50 | 65| 8 | 105 | 120 | 181 | 13 | 141
Ghubrab 89 | 9 | 103 | 110 | 115 | 120 | 125 | 130
Airport H, 0| 8| o | mo| ur| 24| 132 14
Rusail 187 191 | 1956 | 203 | 211 | 220 | 228 .| 2%
Seeb Palace |~ 48 | 50| 53| 56| 59| 62| 65| 69
Barka 0| 4| 50| 55| 61| 68| 76| 84
Musanna 17 19 22 25 29 33 38 44
Rustaq 20 | 24| 2| 32| 3% | 4| 8] 5
Suwaig 21 | 24| 2| 32| 31| 42| 49| 56
Rhabourah 13| 16| 18| 20| 24| 27| 3| 3
Saham 23 | 21| 82 { 31| 43| 49| 56| 65
Sohar 30 371 4 50 57| 66 6 87
Shinas 8] w | m}| 18| 15| 11| 2| 2
Copper Mine | 17 | 17| 11| 17| 1| 11| 17| 11
Buraimi 56 | 6 | 751 8 | 95 | 106 | 116 | 131
Ibri 44| 52| 61| 68| 78| 8 | 95 | 109
Grand Total %ggé) 1183 | 1326 | 1468 | 1599 | 1729 | 1852 | 1995

{ ) :Unified network of the Capital Area
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(Note)

The system analysis 1s devided into two stages, original stage and
revised stage.
-The difference between the both stages is as follows. '

Stage .. .. Network conditions
Original stage a. Oucput of Barka P.S.: 720 MW

~ {(Corresponding to TypeuA)
5. Airport heights S S. is excluded
C. Transformation ratio of
. Khuwalr S. s.. 275/132 kY and 275/133 139

Power flow studies in 1988 and 1989 were performed

under these coﬂditigne (Figs;“13u2 - 13,4);'

Revised stage . a. Output. of Barka-P é.: 740 MW
| (Corresponding to TypenF)
b. Airport heights S.8. 1s ineluded
¢. Transformation ratio of
Khuwair $.S.: 275/i32 44 end 132/33 kv

System calculations in 1988 and 1989 were performed
under these conditions (Figs. 13.5 - 13.18).
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13.3.2  Results of analysié'

(1) Power flow and voltage calculation

The resuit of the calc@latiﬁns is shown in the form of power flow diagram,
. Fig 13.2 torFig 13.6,_'The transitions of statig'con&enéets for voltage
corte¢tion and transmission losses obtained by the calculations are given

in Table 13.3.

Table 13.3 'Reéﬁit of Power Flow Studies

Year

I 1988 1989 1991 1995
-1tem . - : e
L'power demand - () ] 1,031 | 1,183 | 1,468 1,995
Active power losses  (MW) |  4.74 7.24 | 13.83 30.98
(Loss ratio) ) “{0.31) (0.61) (0.93) (1.53)
Reactive power losses(Mvar} ! 176.36 164.95 308.47 498,52
Al Falaj . | 25 15 {0 30 |- 50
Wadi Khabir 25 15 30 - 50
Wadi Adai _ 10 | 10| 25 50
Qaboos - 10 10 25 35
Required | Airport H. - - - 25
Static . : : 1
Condensers | Khuwair i - - 30 45
- (MVA) .
' -~ } Rusail 25 - - 45
Rustag - oo - 20
Buraimi - - - 15 40
Ibri - - 15 | 55
Total . 95 50 170 415
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1)

2)

3)

System in 1988

Fig. 13,2 shows the power flow at'the’ﬁime'of normnl‘operatioﬁ in
1988. The output of Barka P.S. in this year is 160 MW (80 Md x 2) and
the power is transmitted through the two lines of 275 kV connecting
Barka P. S. and Barka S S. The amount of static condenser required for

the systenm voltage correction 1s calculated at 95 MVA (Table 13, 3)
Even if one line is out of service, there will be no oveiloaded line.
System in 1989

Fig. 13.3 and Fig. 13.4 show the power flow at the time of normal -

‘operation in 1989. Since the output of Barka P.S. will have increased

to 320 MW (80 MW x 4) in this year, the expansion of 275 kV lines
spread from Barka 5. $. will be required.

Fig. 13.4 shows the power flow when the 275 kV line is not yet
expanded, and Fig. 13.4 shows the power flow for the case of newly
constructing Khuwair $.S. and connecting it nith Barka 5.5. with
275 kV lines. ' |

In Fig. 13.4, there will be n0'overloa&ed.line éven whgn one line is
out of service. On the other hand, in"Fig. 13.3, the section between
Rusail $.8. and Ghubrah $.$. is a heavily loaded line (ACSR 240 mm?),
and 1f one of the related lines in this section is out of servicé;‘the
power flow of this section exceeds its permissible limit (144 MW/2
lines). '

Acoordingly; Xhuwair 8.5. and the two lines of 275 kV between

Barks 5.8. and Khunair $.S8. must be constructed.

The amount of static condenser required for the syStemlvoltage correc—
tion 1s calculated at 50 MVA in the network expanded by 275 kV lines
(Table 13.3).

System in 199]

Fig. 13,5 shows the power flow nt the time of normal operation in
1991. 1In this year, Barka P.85. will have been completely developed
and its ocutput will have reached to 740 MY, There will be no
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overloaded line while the nétwork is operating normally. Buﬂ,_it is
~ observed that Khuwair - Wadi adai and Khuwalr - Qaboos lines are
heavily loaded,

If one of these lines is out of service, the remaining parallel line

-will be overloaded,

Also Rusail - Airport heights lines are heavily loaded, but even with
one of these lines beiﬁg,out the other lines will'be_not overloaded,
The amount of static condenser required for the system voltage correc-

tion is calculated at 170 MVA (Table 13.3).
4) Power flow in 1995

Fig. 13.6 shows‘the pdwer flow at the time of ndrmal'operAtién in
1995, For this year, Ghubrah P,S, is assumed to be the next power
station'afte: the construction of Barks P.5. and the power flow calcu~

. lation was performed for a case of the output being 480 MW.

There will be no overloaded line while the network is.operating nor- .
mally. But, Khuwair-Wadi -adai, Khuwair-Qaboos and Rusall-Airport
heights lines are heavily loaded.  If one of these lines is out of

" service,: the remaining parailel line will be overloaded. -

The amount of static condenser required for the system voltage correc—

- tion is calculated at 415 MVA (Table 13.3).
{2) Selection of transmission voltage

Econonic comparison of three voltage classes of 220 kv, 275 kV and 300 kV
for the transmission lines that connect the Barka P.S., the Barka 5.5. and
the Khuwair $.S. were made, The power flow calculation of 1995 was used as
.the base for the comparison study. Comparison of the transmission losses
and construction cost of the lines and associated substations including
static condensers of each voltage class are given in Table 13.4. The power
flow on each voltage class is shown in Fig. 13.14 (275 kv), Fig. 13.15 (220
kV) and Fig. 13.16 (330 kV). The transmission losses were calculated on
the objective lines aund associated lines which #ould be influenced by the
voltage differences between.three voltages of the project lines.
Specifically, they are the lines encleosed by Barka P.S5., Barka 5.5.,
Khuwair §.8., Ghubrah 5.S8. and Rusail P.S.
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The required capacity of static condensers was calculated on the whole

power system.

As a result'of these compafison etudies, almost no difference.was
recognized between 275 kV and 220 kV, while 220 kV looked slightly motre

advantageous. On the other hand 275 kV is advantageous as compared_with

330 kv.

‘Fbr the following reasons, it is decided to adopt 275 kV.

The voltage difference is small ‘between 220 kv and existing 132
kV, and it is not sultable to adopt 220 kV. ‘

To obtaiu the current earrying capacity of 740 MW equivalent'to
the output of Barka P.S., 220 kV line has to use large sized con—
ductors compared with other voltages and comstruction cost will be

higher accordingly.

275 kV 1ine will® be able to have a enough function as a primary

transmission line for about 20 years after its construction, based

on a long term forecast of the power system.

Alttough 330 kv is superior to 275 kV im that it has less
transmission losses and is advantageous to maintain the system
voltage, the construction of lines and associated substations are

costly.

330 kV line and its assoclated apparetuses seem to have ‘excessl-~
vely large capacity against the demand_scale of the power system
(about 2,000 MW at the peak hours in 1995). '
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Table.13.ﬁ Comparison of Transmission Voltage Classes

“Transmission
o TT——__ __Voltages. | .220 kv | 275 kv | 330 kv
X Cgst & Losses '
Construction Cost (Thousand RO)
Substations 13,728 | ‘15,664 | 17,452
- Transmission lines 9,053 7,379 |. 7,880
Trénsﬁissi@nrioéées . _
Peak power losses (kW) 6,465 6,399 5,142
Annual energy losses (109 kwh) 21.35 21.13. 16.98
Static condenser (MVA) 440 415 385
Aﬁnual cost (Thousand RO) _
Substations 1,728 1,972 2,197
Transimission lines 994 810 865
Power losses 230 227 183
_Energy losses 204 - 202 C 162
Total . 3,156 3,211 | 3,407

Note: (1)_ Annual cost factor

a. - 0.1259 for substation
b. 0.1098 for transmission line

(2) Cost for power loss and energy loss

a. -35.55 RO/kW/year, which is annual fixed cost of
Barka P.S. _ ' _

b. ~ 9.54 Balzas/kWh, which is variable (fuel) cost of
Barka P.S. . '

(3) Annual energy

The following
annual energy
Ploss = 8,760

Where
Ploss :
- Pm :
Lr :

loss

equations are commonly used to establish
loss.
(hours) x Pm x Lr (kWh)

annual energy Loss {(kWh)

peak power loss (kW)

ratio of average power loss to peak power
loss, obtained from an experimental equation
of Buller-Woodrow; :

Lr = 0.3f + 0.7£2, where £ = 0.55 annual.
load factor of MEW network. ’
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- (3) Determination of Tie-Transformer Capacity

‘The tie-transformers (275/132 kV)jto be installed in Barka S.S. and Khuwair
5.8, ére-standaﬁdized-iﬁ'dnit'cépacity and the saﬁe unit'capacity.is
adopted in bothrsubstgtions; The'unit'capécities studiéd'hére'aré 125 MVA,
150 MVA, 200 MVA and 250 MVA. ' | : o

As a result of pdwarﬁflbw_calculations for respectivgrttaﬁgfoimefhcapacity
at the peak load hours in 1991 and 1995, 250 MVA has been selected as thé
standard unlt capacity which will satisfy the-follbﬁiﬁg‘coﬁditibﬁs:

~  The nunber of units for Barka $.S8. i3 2 banks and for Khuwalr S$.S. 3 -
banks. ' :

~ FEven if one bank is out of service, the other trénéformer(s) will not

be overloaded.

~ Even if one of the associated transmission lines is. out of servicé,

the transformers will not be overloaded.

fhﬂ power flows on the tiéatransformers (in case of 250. MVA) are shown in
Fig, 13.9 (1), (2)., Table 13.5 gives the operating condition of tﬁe tie~
transformers and their power flow in MVA. The calculation shows that the
utilization rate of the tie—transformers under the normal operatioﬁ is 65%

for Barka S.S. and 64% for Khuwair $.S. in 1991 power flow conditions.
And in 1995 the rate becomes 55% for Barka S$.8. and 70% for Khuwalr S,S.

1f a bank of the tie-transformers is out of Serv1ce, the power flow of the
remaining transformer(s) will not exceed its rated capacity in the both

years.
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(4).

Table 13.5 Power Flow of Tie-Transformers :

(MVA)
_ Year 1991 © 1995 -
Condition 5.5. Barka Khuwair Ba:ka Khuwailr
of Operation | 250MVAx2 ] 250MVAx3 | 250MVAX2 | 250MVAx3
Rormal | o34 46 | 2715 527
‘Barka 8.8, Tr '~ | 248 565 1 207 " 586
2 banks -» 1 bank PO _ . .
(250 HVA) _ | _
Khuwair §.S. Tr . 369 429 321 475
3 banks ~-» 2 banks
(500 HVA)
Barka S.S. | 372 o417 325 463
Y = Khuwalr S5.5. ' ' :
2 lines =» 1 line

Stability

Fig._13,10 through Fig. 13.16 show the swing curves'of generators as a

result of power system stabllity calculation.

1)

2)

 Syé£em in 1991 _ :_

Fig. 13. 10 shows the case of applying the disturbance to the closest

terminal of Barka p. S. and opening one of the two lines ‘between Barka

?.S. and Barka 5.S. under the power flow condition of 1991.

Fig. 13.11 shbws the case of applying the disturbance to the closest

terminal of Barka S. S. and opening one of the two lines between Barka

s. S, and Khuwair S. S.

Inrboth cases, the generators are stable and their perturbations

caused by the disturbance are converging in 3.0 to 4.0 seconds,

System in 1995

Fig. 13.12 shows the case of applying the disturbance.to the closest

‘terminal of Barka P.S. and opening one of the two lines between Barka

P.S. and Barka S5.S..
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3)

4}

Fig., 13.13 ghows the case of applying the disturbance to the closest
terminal of Barka $.$., and opening one of the two lines between Barka
b S. and Khuwair S. S.

' Iﬁ both:cases,'the generators are found stable and their ﬁerfﬁrbetion

* caused.Ey the disﬁurbance is converging in 2.0 to 3.0 seconds.

- The perturbation:iﬁ'1995 syetem is less in its megnitude compared: with

the 1991 system, though the same disturbance is 5pp11éd to the line,
This is attributable to the fact that the 1991?eysfem£has generators’
for Batinah area in Copper Mine and Sohar, but.the'1995fsystem has, in-
addition, new generators in Khabourah. 'With-this”new poﬁer eﬁation in
Khabourah, the heavily loaded liﬁes of the 132 kV are relieved, and -
the phaserdifferences betweeh generators are made smaller‘tﬁan‘fhet'of

1991, resulting in a stable operation of the generators.
Fault clearihg time

The generator swing curves when the fault cleer time is 0.10,; 0.15 and
0.30 seconds under the same disturbance conditions are shown in Figs.
13.12, 13.14 and 13.15. The distrubance was applied to the closest
terminal of Barka P.8. under the power flow cenditione‘(Fig. 13.6) of
1991, with one line between Barka P.S. and Barka S.S. opened;r.:.

As the fault clearing time increases, naturally the perturbations of
the generators become larger, although it is still ‘stable even In case
of 0.3 seconds and the perturbations are converging in 4.5 to 4.0

seconds after the disturbance occurred.

If the main protective relay of the transmission line operaeee norﬂ.
mally, the fault wiil be eleared within 0.1 seconds; and even if the
teleprotection fails, fhe fault wil be cleared within approximately
0.3 seconds by the operation of the back-up protective relay.

Voltage characteristics of load

The generator ewiﬁg curves are shown in Figs. . 13.14 and 13.16 when the
voltage characteristic of a load is of a constant-impedance (simulates
lamp load) and a constant—current (simulates motor load) under the

same disturbance conditions, respectively.
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“The disturbance was applied to;the closest terminal of Barka .P.S.

" under.the_ﬁbwer'fIOW conditions of 1991 (Fig. 13.6), and one line bet-
ween Barka P.5. and Barka S.S5. was opened.  As a result:pf the éalcu-
‘lationg, there is almost no difference perceived in the swing gurvés
due to ioad characteristics.. For the MEWIBystem, there is no instabi-
lity factor because the'transmission distance is shoft and the phase
differeﬁces ém@hg ﬁhe'genérétofs"ate'vefy.sméll. For this reason, the
impact of a slight dlfference in the load chalacteristic on the

generator swing curves can be almost ignored.

The static condenser for the'éystem'v01tégé correction described in

(1) is also required in order to improve the stability.
(3) Short-circuit current

The shoit*circuit current was calculated based on the system configuration
of 1995, Fig. 13.17 shows the short-curcuit capacity of the busses and
" current flow in the Iines: The maximum short-curcult current for each

voltage class is as follows.

275 kV bus (Barka P.S.) 6,097 MVA (12.8 kA)
132 kV bus (Rusail P.S.) 5,635 MVA (24.6 kA)
33 kV bus (Khuwair S.S.) 1,689 MVA (29.5 kA)

{6) ZLocation of new power station

Two caseé of power flow study’ware:carried out, assuming a location in the
neighborhood of Khabourah $.S. or Khuwair $.S. as the possible sites to
- develop a new power station after construétion of Barka P.S. Fig. 13.6 and
Fig. 13.18 show the power flow with a new power station in Khabourah and

Khuwair, respectively.

The power flow shown in Fig. 13.6 is as described in preceding items (1),
4) and there will be no overloaded line as far as the network is operating

normaliy.

On the.other'hand; in the case of Fig..13.18, the powef flow between Barka
S.S. and Hﬁéanna 3.8. is 436 MW, which will exceed its permisible limit
(370 MW/2 liﬁes).E Therefore, a transmissfon line must be additionally
instélled in this section,
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~ Table 13.6 shows the comparison of transmis9ion;1osses between thesé.twn
candidate places, The Khuwatir case has an extremely large losses on both
of the active power aﬁd_reactive power. When the active power losses are
compared on annual cost -basis, the'difference amounts  to as large a gum as

about 500 thousand RO, :
All these hint that a'blage in Khabourah is extremely aﬁﬁantageéus;

In Fig. 13.18, it 1s noted that Khabdurah'-ﬂﬁhéahna and Khabourah - Sdhér
lines are heavily loaded. This is because the output of Khaboura P.S. was
set at 480 MW and part of the power is sent to the Capital area. In
planning thé Batinah cbast power statiom, the folldwing pqints should be

)

taken into consideration:

~ An output of the power statlon should be so determined that the'éﬁpply

and. demand -balance can be kept within the Batinah coast.

~ Since the Batinah coast has a vast area and the load center 1is
dispersed, an appropriate location of the power station to meet the

load distribution should be selected.

Table 13.6  Comparison of Power Development Sites

Logses & Cost S Sites Khabourah Khuwair

Transmission Power losses
Active Power - {MHW) 30.99 38.74
Reactive Power - (MVar) | 498 .52 '  587.02

Annual energy losses

Active Power (106 Kwh) 102.35 127,94
Annual cost (Thbdsand RO)
Power losses ' 1,071 1,339
Energy losses _ 976 1,221
Total . 2,047 2,560

Note: Cost for power losses and cnergy losses are same as Table 13.4
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13.4 FREQUENCY-DROP AND SYSTEM OPERATION-

The maximum unit capacity of generators employed at Barka P, S. is 80 MW.
In this section, frequency drop and system operation method when the

generator 1s out of service are considered,

13.4;1:.ﬁreqﬁeﬁcy Drop

Frequency change of power syétem is formulated as follows.

-1 ap
F— mi_ X 5o X 100 (Hz)
where?®
AF 3 Frequency change  (Hz)

47

: Change of system load or output of generator (MW)
P : Total load of power system ~ (MW)
K : System constant (=KGHKL) (ZMW/0.1 Hz)
(i e. regulating energy)
_KG: Frequency characteristics of generators (ZMW/0.1 Hz)
KL:  Frequéncy characteristics of loads (ZMW/0.1 Hz)

The system constant K is the sum of KG and XL, Since KG is determined by
‘the speed ﬂroop of the generator, it differs depending on how many genera—
tors are operating in governor—free, and KL differs depending on the

characteristics of the loads.

-Accbrﬂiﬁg to the statistiCal:survey in some power systéms, the value of K is
within the range of 0.85 - 1.40 %MW/0.1 Hz, and it is mostly centered at
about 1.0 ZMW/0.1 Hz. For this calculation, an average value of 1.0

AMW/G.1 Hz was used thoﬁgh its an inherent value of the éystem obtained by

actual measurements should be used.
{1) 80 MW unit

1t 1is predicted that the peak load in the summer of 1988 when the 80 MW gas
turbine generator goes into operation will be 853 MW, while «the lowest load
in the winter of 1989 will be 161 MW. With such a scale of demand, if the

generator output at the time of unit drop-out is 80 Mﬁ'and AO_MHQ the fre—.

quency drops will be calculated as follows:
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Drop-out capacity System load ~ Frequency TFrequency of

of generator (MW) (MW) ~ drop (Hz) System (Hz)
80 (100%) .. Peak 853 - 0,93 49.07 .
40 (50%) Off-peak 161 = 2,48 47.52

Note: Results of the frequency drop calculation from 1988 to 1993
" are shown in ANNEX 6. '

(2) Allowable limit of frequency drop

Allowable range of frequency change for operating thermaleachiﬁes'is

limited by the resonance frequency of rotating blades of turbines.

Lower limit of frequency to allow COntinuouSvopératibn of thermal machine

iS 48.5 HZ ("'105 HZ).

As less than 48.5 Hz, allowable operating time is Shorter as the frequéncy

is close to the resonance frequency of turbine.

A turbine with capacity of 125 MW or less can be bpérated for a few minutes
at the frequency of 47.5 Hz, with some difference depending on capacity of
a turbine. At frequency of 47.5 Hz, turbines should be tripped from the

system instantaneously or within 30 seconds.

13.4.2 System operation

‘o operate a thermal machine within the allpwéhle range of frequenéy, the
system should be operated in accordance with prbteﬂures'described balow.
. However, a 80 MW generator can be normally operated under the rated output

during peak-load hours in yiew of the fréqueﬁcy variation.
(1) Generator outpﬁt during off-peak times

The lower limit of frequency at which the generator can be continuously
operated is 48.5 Hz (~1.5 Hz) for the 50 Hz generators. In order to main-—
tain the frequency after the unit drop-out higher than 48.5 Mz, the output
bf the generator in operation must be_cohtrolled to less_thanILSZ of the
system load (in case of K=1.0 ZMW/0.1 Hz). . |

ANNEX 6 shows an example of combination of geﬁerators in operation which

meets both power and water demands in sumﬁer'peak hours and in winter off-
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peak hours, respectively. Frequency deviation iérheing kept within an
allowable limit by this arrangement, -
(2) Load shedding .

If the frequency drdp cannot be maintained within tﬁe allowable limit by
mean of reducing the output of each generator during off-peak h0urs, par—

tial load shedding should be ‘done by the frequency relays.

The stages of 1oad.shedding and presetting examples of frequency relays are

shown below for reference.

Presetting ~ Shedding loads

First Stage"4§;Q‘Hz o Lodad=A %
Second_stage 48.5 Hz Load-B

Third stage 48.0 Hz Load~C

* Load A_—.C.: Feeders of_the'éubstations_fbf load
shedding according to thg'preéset pxiority,.

The above items (1) and (2) are an engineering practice to prefént.én
entire blaék;out of a small system which might be caused_by'freqhency drop
at the:time.of generator drbp~out, and is essential'to maintain a power
system 1n safe conditions. On the other hand, the above system_opdratiog'
is not,requiredawheﬁ the systeﬁ beéome large and is not seriously éffécted

by'genefator drop-out.,
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13.5 CONCLUSION AND RECOMMENDATIONS -

Summarized in the fbliowing are the results of the system analysis and

recommendations which may be used for future system planning.
(1)  Selection of transmission voltage

As for the voltage td be introduced when the Barka P.S. is constructed,

275 kV was selected.
(2) Tie-transformer capacity

The unit capacity of the 275/132 k¥ tie-transformer to connect the existing
132 kV network and a new 275 kV network was determined "to be 250 MVA,

(N Stabllity

The 740 MW power generated at Barka P.S. can be trapsferred stably to the
load center through the new 275 kV lines and the existing 132 kV lines.

All generators can éperéte stably against the disturbance to the system.

(4) Short—circuit current

The short-circuit current is not at such a level as to pose a'broblém-in
the 275 kV and 132 kV networks from the viéwpoint of the circuit breaker
-duties. In -the 33 kV network, it 1s at a relatively high level in the-

substations in the Capltzl area.
(5) Countermeasures against overloading of transmission line

In 1988 the 275 KV transmission lines will be introduced for the power
system of MEW. However, the 132 kV lines will still occupy a major portion

of the network.

The current carrying capacityrof the 132 kV line is given as 185 MW/line
(Table i1.1). At the peak demand in 1995, the load of each subgtation in
the Capital area will exceed an order of 100 MW. The power flow from
Khuwalr S.S5. to Wadi Adai $.S., is about 600 MW and the power is transferred
through 4 lines of 132 KV. If one of 4 lines 1s out of service, the h
remaining lines will be overloaded. As a method to solve the overloading

problem, the following plans have been conceived:
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(a) Addition of the 132 KV linés

(b) The ektension of the 275 k¥ lines from Khuwalr 5.S5. further to

" Wadi Adai S.S.

;(c)!_Construction of new poﬁer station in the vicinity of Wadi Adai S.S.

All of;these plans will be ‘subject to envirommental restrictions. However,

the effeétive method from the viewpoiht of the power system 1sgPlan (C).
(6) Machine Constant to be specl fied (Generators, Transformers})

Since most of the demand at the sﬁmmerrtime in_thié'system is for the air-
conditioners, the 1oad.p6Wex factor gill.be low and the reactivé power con-
8umption_wili be largé. “¥or this reason, the power supply equipment

(geﬂérators, tfanamiésioﬁ lines,”traﬁsfofmers) should be speaified s0 as to

meet the characteristiCs'of the System:load.

A generator, for instance, must be designed to have a low power factor and
can Suﬁply a'great amount of reactive power, At the same time, reactlve

- power consumed in the lines and the transformers should be decreased.

Accordingly, the power factor of the generators installed in this system is
0.8. On the other hand, the impedance voltages of the 132/33 kV tramsfor-
meré'adépted by MEW seem to be very high at about 18%. This means that the
éonsumptibn of reactive power and the voltage drop of the system.incréase,
although there is a merit that the short-circuit current of the 33 kV net-
work can be limited for a certain level, These advantages and disadvan-
tages must be taken into consideration when the impedance voltage of the

. “
trangsformexr is determined. :
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Fig.13.9(1) Power Flow Study for Tie-Transf. Capacity (1991)
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Fig.13.9(2) Power Flow Study for Tie-Transf. Capacity (1995)
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CHAPTER 14 BASIC PLAN OF WATER CONDUIT LINE

14.1  HOOKUP POINTS =~

14.1.1'fExisting wétér~di$tribhtion_faciligl

The water dlstrlbutlon system of Capltal Area covers the coastal area from
Bustan area in the east to Seeb town in the west of whlch dlstance 1s
_approx1mate 50 km 1nc1ud1ng Muscat and Mutrah and slso covers the 1n1and
area . whlch 1s 15 - 20 km away from coast of Amlrat and Medlnat Al Nahda
area and Rusa11 area.' Tne water dlstrlbutlon system 15 expandlng rapldly
- to meet the increase of water demand in town area and the deveIOpment of

west area, malnly in alrport area,

'The water source 1s malnly the sea water desallnatlon plant in Ghubrah
Statlon, and as the well water Source, Wadi Aday/Amlrat Well Field and Al
Khawd Well F1e1d are belng developed As well as the water d13tr1but10n
network, the water conduit network for gatherlng the well water to Ghubrah

Station is under construction.

After completlon of the planned condult and dlerlbutlon network _now under’
constructlou, the product Water ‘of desalination plant are blended and
adjusted with well water at Ghubrah Station and then distributed to the

Capital Area.

Sinee-preeent distribution capacity is approximately'136 000 m3/4, it is
necessary to 1ncrease remarkably the capac1ty of d1str1but10n network in
order to d1str1bute addltlonal water of 216, 000 m3/d supp11ed from the new

power and desallnatron complex plant to the_Capltal Area,.

216, 000 m3/d breaks down 1nto ‘180,000 m3/d of product water of sea water
desallnatlon plant and 36,000 m3/d of well water.
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14.1.2 Forecast'of'the_areas to distribute water

In order Lo dec1de the Lnterface p01nts of water condu1t 11ne w1th the .
distribution network, it is essentlal to analize each town developlng plan
and distribution of economlc activitidsy: and: to forecast surely the demand
dlstrlbutlon. Accordlng to the develop1ng plan of Capltal Area’ dlettibun
tion network not only the water demand of Cap1ta1 Area at east of’GhﬁSfaﬁ,
but also the water demand of Capltal Area at west of Ghubrah is expected to
increase to a large extent because many publlc fac111t1es “and re51dent1a1
complex are planned in these areas. Therefore,.water dlstrlbutlon ‘of

216,000 m3/d supplled from the new plant is allocated as followings.

a. Reservoir at Ghubrah Station ' 37 7108,000 m3/d (50%)
b. Branch.for Seeb Town _ 3 | 38,000 m3/a (17.6%)
dc; Branch for Alrport Area j 't } ; - 38,000 m3/d7(15;62)'
d. Branch for Azalba, ‘Ghalla and Bosher Areas,_ -32;000'm3/d (i&.SZ}
Total . 216,000.m3/d (1002)

14.1.3 Selection of hookup points

The hookup points between the water conduit line ef new plant and the
existing distribution system are the follewiqg 4 points:

" (Refer to Fig. 14.1)

(1) At Ghubrah station

As to the eastern area, the major hookup p01nt from the new plant to’ the
exlstlng distribution fac111ty is to be the reserv01r 1n Ghubrah Statlon.
Accordlngly, the water dlstrlbutlng capac1ty of Ghubrah Station is '
increased approx1mate1y twtce.from 136,000 m3/d to‘244,000.m3/d, so the
expansion of reservoir capacity and improvement of distribution faeilities

are also required in parallel with the new Barka project.
(2) Branch for Seeb town

The hookup point of conduit line from the new plant is to be at the
branch valve, which will® be installed at the nearest point to the existing

distribution pipe for Seeb town.
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Though the existing distribution facility has the capacity of approx,
9,000 m3/d the ‘increase of distribution facility is required, and reser-
voir, etc. 'is to be 50 performed that 1arge water flow rate from the new

plant can be 1ntroduced
(3) Branch for Airport area .

The hook up pefet'ef'cbndﬁitipipe from the-new'plent is fo be at the

branch valve, ‘which will. be 1nstalled at the nearest: p01nt to the water
p1pe for Seeb Alrport Reservolr. As high’ level afea is included in thls
_ branch 11ne, it is recommended to install the distribution pump and the

' water reservoir near the brauch point.

Though ﬁhe existing distribﬁtion facilifyjfor'Airport area has the capacity
of approximately 2,500 m3/d, the increase of distribution facility is
required, and reservoir, etc. is to be §o constructed that large water

flow faﬁe-frem the new plant can be introduced.
(4) - Branch for.Azaiba,-Ghalla eﬁd Bosher

The branch velve is to be installed on the conduit line from the new plant,
" and be connected for these arees. Also, the distribptidm facilities of

these areas are to be increased in the future. As high level area is
“included in this ‘branch line, it is recommended to install the distribution

pump and water reserveir near the branch point.

14;2_ WATER CONDUIT ROUTE

14.2.1 . Selection of Water conduit route

'The water conduit route from the new plant site'to-Ghubrah Station is as
shown in Fig. l4.1 and is to be along with the road between Muscat and

Barka.

As to the approximate.4 km.between the new plant site and Muscat-Barka
road, the pipe is burried for approximate 2 km along with existing road and
“for approximate 2 km along with the new access . road to new plant site.
And, for the dlstance of less than 1 km near the interface point to Ghubrah

Station, rthe pipe is burried in the wilderness,
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On the route along the Muscat-Barka foad which is more thqn 90% of total
conduit 1ength there is enough lahd'spacé beside road to 'burry the conduit
lxne, so it is advantageous to 1nstall the condu1t 11ne along w1th the road

in the viewpoint of mALntenance.

14.2.2 “Terrain and soil conditions of water conduit route

The terrain is almost plain thrdugh main foute;'from'Barka to Ghubrah
'except branch route, but it is essent1al to con51der the follow1ng points

:on plann1ng.

(1 =Altitude

The highest pqint'qn'the-ﬂarka to Ghubrah route is approximate 15 m above
sea level, and thbfah Station which:@is terminal connection point is same
level as the new plant site level (H.H.W.L. + 2m). -And, both in the air-

port branch area and azaiba branch area, there are approximate 80 m high -

- areas above sea water level.
(2) 'Road crossing

Since: there-are 23:br093'points:bf-paved'rdad-on:the water -conduit route at
the time of Maréh 1985 the’ adequate erection method,; such as jacking

(dr1v1ng) method is to be taken into account.

(3) Wadi crossing -

"It is necessary to take care on the bury method and protection method for
seofihg,'forIthe'about_ZO points of wadi cross on the water conduit route,
(4) soil cbnditidn

Through the route, surface“layer's soil is sand or silty sand, and there
may be no obstacle to bury the pipeline. However, it is recommended to

carry out the survey test, such as test digging for the actual site work,
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4.3 RESERVOIR AND f'umemc STA';‘:IDN--'
‘Tﬂé flew diegeamiie‘sﬁowe ipl?ig; iA;Q;
14.3;1 Reservoir

A1) Resereoir voiuﬁe

The max1mum storage volume of reserv01r to be constructed 1n the plant 51te 1s
determlned as 216, 000 m3 that is 24 hours retent1on of - the product water of
desallnatlon plant (180, 000 m3/d) plus the well water (Max. 36, 000 m3/d) to

be mixed with the product water, By this volume, the fluctuation of plant

operation mode and water flow rate is adjusted.

And, the reservoir volume is divided into 4 sections for easiness of opera-
tion and maintenance.

(2) Reservoir structure

‘The semi underground concrete structure which is easy in maintenance and is
not affected with the ambient temperature is applied. The reservoir is

furnished with ventilation and drain facilitj,faﬁd the bottom is to be -

sloped for water ‘extractiom, . .

(3)  Reservoir specification

Storage volume 54,000 m3 x 4 reservoirs 216 000 m3
Dimension (Width x Length) 84 m x 107 m each -
Average depth - : 6 m -

14.3.2 Mixing facility

(1) Mixing method.

The deqallnatlon plant has product water treatment System but in order to
effectively utilize well water; the mixing tank is to be 1nstalled at the
inlet of reservoir where the prodaction water of plant and well water are

mixed.
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(2) Delivery water quality

This feésibilify éfudyvis'plannéd in'the COn&ition that a conétaht”well
water both in quantlty and’ quallty is Supplled ar. the mlxlng chamber, but
accordlng to the: varlatlon of well water quallty, it is necessary to adJusL
the mixing ratio or control thie water quality from product water treatment
system, | ' R '
The water quality after'mikihg is to meet. with OMANIAN SIAHDARD ﬂO;B }
DRINKING WATER. | o T

14.3.3 Water pump

({) ©Pump room

The underground pump room. which éontains 7 identical units of single stage
centrifugal pump is arranged beside the réservoir;_ The pump room includes
the operation room, electrical room and office. . '

And a overhead crane is to be installed in the pump room for maintenance

purpose,
(2) Water pump

For'adjusting'variation of total pumping‘rate and maintenance of pumps, 7

units (6 units for runnlng +'1 unit for stand by) of 31ng1e ‘stage centrifu- L

gal pump are utilized.

Specification (per 1 unit)

Type ; Single stage centrifugal pump
Capacity i 27.5 w3/min S
Head  ; 100 m

Revdiution ; 980 rpm

Drive ; 750 kW Motor (Direct)
Material ; Casing : - Cast iromn

Impeller: Stainless steel cast
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14.3.4 Water conduit line

(1) 2-Lines system
- Concéptual_Wétei conduit line is shown in Fig. 14.3.

In these Ioﬁg-distance conduit plan, the flow rate variation and pressure
varlatlon of consumers 1nf1uence on the operation poxnt variation and dell—,

very pressure varlatlon of pumps.

4nd, in the casé bfgléiiﬁe;'it is impossible to deliver any water, when an
accident occurs in one pipéiine. Then, 2-lines system is applied and some
by-péss_betweeh'each line are installed in order to avoid the risk and make
possible tpfsuppyj water to each other.

(2) Selection of material

The'matérial of'piﬁe:ié-tOVbe ééiééted'in-taking account-that it ‘is long,
it is 1mportan€ fac111ty, r831st1v1ty is required and product1v1ty and

malntenablllty are to be c0n31dered

Although.ﬁhe cement lined -cast iron-pipe'-lined.steel pipe, mortar pipe,
- plastic pipe;‘etc. are considered, the cement llned cast iron is applled

con31der1ng many references and rellablllty.
(3) Selection of pipe diameter and pump head
'I)_'Liné"A:_for_Ghubrah station

Pipe diaméter‘of 1,200 mm {35 km length from Barka to Ghubrah) and
pipe diameter of 1,000 mm (remaining 25 km length to Ghubrah) are
selected in consideration of economical comparison of several pipe

diameter and influence of water hummer.
2) Line B: for Seeb, Airport area, Azaiba, Ghalla and Bosher areas
Diameters are as follows,

New plant ~ Seeb branch : 1,200 mm dia.
Seeb branch. - Alrport branch : 900 mm dia.

Airport branch - Azaiba branch : 700 wm dia.
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Fig. 14.3 Pi ping Systeim Didgram of Water Conduit Line: .
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108,000mY d bqgo&OQOQ%d :-~|oa,ooqm?d

P PUMP STATION
R RESERVOIR
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‘In this case, the required pump head is about 100 m which is same as
Line A, and the identical pumps can be applied. So it is beneficial

in the point of operation and maintenance.
'(4) Pipe épecifiéatibn
The major.specificatibﬁ of watgt:conduit_line is as following;
Total pipe length = Happréx;mate_lié km
yPipé : . Gement lined ;ast iron pipe
(150 2531 R-9 T-type or JIS G-5526 T-type

Class-3 or equivalent)

External surface. @ Tar.epoxy + polyethylene sleeve, or polyethylene

coat for the corrosive soil

. Internal surface : Cement mortar lining
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CHAPTER 15  OPERATION AND MAINTENANCE PERSONNEL
AND TRAINING PLAN

This Chapter dﬁais.with:pﬁefatidnfand maintenancefpérébnnel and the
training plan given'to the hecessary personnel employed by MEW for the

operation and maintenance of the power and desalination complex plant.

This Chapter also.recommehds the ﬁumber of neceSSary.personnelrand the time
‘at which these personnel beédme.ﬁécessary, clarifies the'personnel
employment plan and récommendé ﬁhe'education and_tréining program to
improve the khowledge and caﬁ?bility of the personnel and to perform the

safe and economical operation and maintenance of the complex plant.

15.1 PERSONNEL PLAN

15.1.1 Administrative organization

Under the plant manager, the.top responsible person, therpower and desali;
nation complex plant has three organizations, namely, administrative depart-
ment, operation department and maintenance department. Each department is
operated under the direct command of a person assigned-as the Gepartment
chief. The operation department is divided into power'plant @ivision and

deealination plant division.

Fig. 15.1 shows the maﬂagement'organization and the number of the person-

nel, which sums to 348 persomns, at this plant,

Chief opérators and operators is assigned to each shift team to operate the
plant 24 hours by four shifts operation system, Therefofe, this needs the

formation of five shifts teams for each plant.

But, this table does not include the personnel engaged in daily miscella-

neous work and the personnel necessary for the annual maintenance,
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15.1.2 Job agsignment of personnel

The specific duties and responsibilities of the key personnel for the
operation and maintenance of the power and desalination complex plant are

as follows:
(1) Plant manager

Plant manager is the top responsible person at the job site for the safe

and economical operation of the power and desalination.cdmplex planf.
() VDeputy plant manager

Depufy_plant”managgr assists and acts for the plant manager. Each one
deputy plant manager is assigned respéctively to the power plant and to
the desalination plant and they virtually act as'the'fesponsible person for

each plant.
(3) Operation department chief

Operation departmeht'chief is the person responsible for the control of the
overall operatién of the whole power and desalination complex plant. He is
responsible for the safe and economical operation of the whole plant with
the understanding of the basic theory and function_bf the devices, equip-

ment and systems of Ghole plant,
(4)  Operation engineer

Operation engineer is directly engaged in the actual operation. He is
respohsible for the safe and economical operation pfoviding directly the
shift_oﬁerators-with necesgary directions having the understanding of the
basic ﬁheory and practice pf.the devices, equipment and systems of each

plant to which he is assigned.
(5) Chief operators

Chief operator provides the personnel with suitable directions working on
the same shift with him, performs operation and monitoring, and records
periodic monitoring and operation data for the planf to which he is

assigned,

Therefore, it is essential that he has the full understanding of the

construction and function of the devices, equipment and systems,
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(6) Maintenance department chief

Maintenance department chief is the,pérson fésponsible fop:the éan::@l-qf
‘the overall maintenance of the whole power and’ desalination complex plént{-
He is responsible for formulating the basic directions on daily maintenance
work, . for counteractions in case of accident or breakdown, for periodic -
maintenance and for plant safety conservation with the understanding of the
basic.theéry, function and capaciiy of the déviées, equipments and systems’

installed at each plant.
(7) Maintenance senlior engineer

Maintenance senior engineer performs the maintenance of the plant with
responsibility. FEach maintenance senior' engineer is assigned to the

following equipment respectively.

a) Gas turbine facilities
b} Steam tufbine facilities
c) Boiler facilities

d} Desalination facilities
e) Electrical facilities

f) Instrumentation facilities

Fach maintenance senior_énginee; in: charge of the individual facilities
gives puidance directly to the engineers under his difect~c0ntf61{and per—
forms daily plant maintenance work and undertakes repairzﬁork in case of
accident or breakdown, in the field to which he is.aSSigned..JThefefore, it
is requested that he has the sufficient knowlédgé'andipractical exXperience
of disassembly, reﬁair and assembly in addition-t0 the full understanding
of the construction and performance of the devices, ‘equipment and'éystems-

installed at the plant,
(8) Chemical analyzer

Chemical analyzer mainly performs the periodic chemical analysis of the
boiler make up water, boiler feed water and the water produced at the desa-

lination plant and plans the safe plant operatiom and control.
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